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The automated version of the complete Selvester QRS scoring 
system for estimation of myocardial infarct size was evaluated in 
1,344 normal subjects, 706 patients with a single myocardial 
infarction (366 with inferior infarction, 277 with anterior infarc-
tion and 63 with posterolateral infarction) and 131 patients with 
combined inferior and anterior infarction. The presence and 
location were determined by angiographic and ventriculographic 
criteria. The performance of the overall 32-point system, each of 
the 19 criteria and the 13 criteria sets and each of the 35 criteria 
within the 13 sets was examined. 
The mean point scores were 1. 7 for normal subjects, 3. 7 for 
posterolateral infarction, 4.1 for inferior infarction, 6.3 for ante-
The complete Selvester QRS scoring system is an effective 
method for estimating the size of a single myocardial infarc-
tion from QRS measurements in the standard 12-lead elec-
trocardiogram (ECG). The system was derived from com-
puter simulation (1), tested for intra- and interobserver 
variability (2), validated with anatomically sized myocardial 
infarcts (3-5), augmented with screening criteria (6), refined 
to a 54-criteria/32-point QRS scoring system (7) and comput-
erized to allow unbiased and reproducible measurements (8). 
The specificity of each of the 54 criteria in manual scoring 
was ~95% (7). 
However, the complete Selvester QRS scoring system is 
very complex, accumulating points from 19 individual crite-
ria and 13 sets of criteria. It has not been evaluated in large 
groups of patients for the purpose of documenting that all 54 
criteria have appropriate sensitivity and specificity and that 
all of the criteria in criteria sets contribute to sensitivity. The 
specificity of a computerized scoring method requires fur-
ther evaluation because the criteria limits that have been 
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rior infarction and 6.9 for multiple infarcts. A score >4 yielded a 
sensitivity of 67% for anterior infarction, 41% for inferior 
infarction, 32% for posterolateral infarction and 72% for multiple 
infarcts. However, 7 of 32 criteria failed to achieve 95% specificity 
and 10 of 35 criteria in criteria sets had a sensitivity that was even 
lower than their false positive rate. The automated Selvester QRS 
scoring system currently has limitations that are attributable to 
development of the original system, which used manual scoring 
techniques and established criteria limits from middle-aged men. 
Future automated analysis should use gender- and age-dependent 
criteria limits. 
(]Am Coli Cardio/1992;19:341-6) 
derived from manual measurements may not be appropriate 
for scoring with automated measurements. 
This study examines the performance of three aspects of 
the automated QRS scoring system in normal subjects and 
patients with infarction: 1) the overall 32-point system; 2) 
each of the 19 single criteria and the 13 criteria sets; and 3) 
each of the 35 criteria within the 13 criteria sets. 
Methods 
Normal study group. The normal group consisted of 
1,344 individuals combined from two data bases. The first 
data base included 473 patients who had undergone diagnos-
tic cardiac catheterization at North Carolina Baptist Hospi-
tal-Wake Forest University Medical Center during the pe-
riod from 1981 to 1986 with "normal" status confirmed by no 
ECG evidence of right or left ventricular hypertrophy, 
bundle branch block or fascicular block; normal coronary 
arteries; normal contrast left ventriculogram; no evidence of 
valve dysfunction or congenital heart disease; an overall 
study evaluation of "normal" and an ejection fraction 
~50%. All ECG exclusions were based solely on the Mar-
queue 12SL program. 
The additional 871 normal subjects were available from 
the Marquette Electronics Normal Data Base. These were 
normal volunteers or subjects undergoing routine health 
screening examinations. By history and physical examina-
tion, they were free of any disease known to affect the ECG, 
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Table 1. Demographic Characteristics of the Study Groups 
Normal Subjects (n = 1,344) Patients With Infarction (n = 837) 
With Cath Volunteers lnf Ant Postlat Ant+Inf 
No. 473 871 366 277 63 131 
Men(%) 38.7 67.9 80.1 80.9 82.5 76.3 
Women(%) 61.3 32.1 19.9 19.1 17.5 23.7 
Mean age (yr) 51 44.2 56.2 54.6 56.3 59.3 
Ant = anterior; Ant+lnf = anterior and inferior; Cath = cardiac catheterization; lnf = inferior; Postlat = 
posterolateral. 
were not taking medications other than aspirin, were nor-
motensive and were examined by a cardiologist to exclude 
organic murmurs or evidence of mitral valve prolapse. 
Subjects with a known prior elevation of serum cholesterol, 
family history of diabetes or heart disease detected before 
50 years of age were excluded. Electrocardiographic exclu-
sions were identical to those of the subjects who had 
undergone catheterization. The demographic characteristics 
of the normal subjects are presented in Table 1. 
Patient selection. The Wake Forest University Catheter-
ization Registry was searched to identify patients with single 
inferior, anterior or posterolateral infarction or combined 
inferior and anterior infarctions (Table 2, Fig. l), with the 
same ECG and noncoronary exclusions as for the normal 
study groups. The criteria for identification of single inferior 
or anterior infarction were similar to the criteria of Anderson 
et al. (6). There were 366 patients with single inferior 
infarction defined as indicated in Table 2 and Figure 1 by the 
presence of ?:.75% diameter stenosis of the right coronary 
artery and akinesia or dyskinesia of the inferior wall on the 
right anterior oblique ventriculogram (segments 1 or 2). 
There were 277 patients with single anterior infarction 
defined by presence of ?:.75% diameter stenosis of the left 
main coronary artery, left anterior descending artery or 
major diagonal branches and akinesia of the anterior wall on 
the right anterior oblique ventriculogram (segments 3, 4 or 
5). There were 63 patients with a single posterolateral 
infarction defined by the presence of ?:.75% diameter steno-
sis of the left circumflex artery or any of its major branches 
in conjunction with akinesia or dyskinesia of the posterolat-
era! wall on the left anterior oblique ventriculogram (seg-
ment 7). There were 131 patients with both anterior and 
inferior infarction defined by ?:.75% diameter stenosis ofthe 
left main artery, left anterior descending artery or major 
diagonal branches and also of the right coronary artery and 
akinesia or dyskinesia of the anterior and inferior walls on 
the right anterior oblique ventriculogram. 
ECG evaluation. Standard simultaneous 12-lead ECGs 
were recorded on computerized ECG machines (Marquette 
Electronics, Inc.) before diagnostic cardiac catheterization 
or the physical examination. Computer processing of the 
ECG was performed in stages . Electrocardiograms were 
retrieved from a Marquette MUSE system for QRS scoring 
on an IBM-AT-compatible computer. Waveform measure-
ments required for complete Selvester QRS scoring were 
performed by the software described by Pope et al. (8). 
Custom software recorded the individual criteria that were 
met and the total QRS score for each ECG. These data were 
transferred to a micro-V AX 11 computer for further analysis 
using the SAS statistical package (SAS Institute). 
Details of the Selvester QRS scoring system and its 
manual application are described elsewhere (9). Each of the 
points is designed to represent infarction of 3% of the left 
ventricle . Table 3 shows a modified format of the 54 criteria 
indicating the left ventricular regions represented on the 
ECG according to the method of Selvester (l). This format 
parallels computer logic and is different from that presented 
previously, although the criteria are unchanged. Points are 
accumulated from 19 individual criteria and l3 sets of 
criteria. A set is considered "positive" if any criterion 
Table 2. Criteria for Wall Motion and Coronary Status for Inclusion in the Study Groups 
Left Ventriculography (segment no.)* Coronary Angiography 
2 3 4 5 6 7 RCA LMCA/LAD LCx 
Normal, with cath 0 0 0 0 0 0 0 0 0 0 
Inferior MI (+or+) 0 0 0 +10 +/0 + +/0 +/0 
Anterior MI 0 0 (+or+ or+) +/0 0 +/0 + +/0 
Posterolateral MI 0 +/0 0 0 0 0 + +/0 +/0 + 
Anterior + Inferior MI (+or+) (+or+ or +) +/0 +10 + + +/0 
*For wall segment numbers, refer to Figure I. + = akinesia or dyskinesia I ?:.75% stenosis; 0 = normal motion/no stenosis; +/0 = may be normal or abnormal; 
( + or +) = either segment or both abnormal ; ( + or + or +) = one or more of three segments abnormal; cath = cardiac catheterization; LCx = left circumflex 
coronary artery; LMCA/LAD = left main or left anterior descending coronary artery or one of its major diagonal branches; MI = myocardial infarction; 
RCA = right coronary artery. 
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Figure 1. Schematic views of the left ventricle as obtained from 
right (RAO) and left (LAO) anterior oblique contrast ventriculo-
grams. The numbers refer to myocardial segments. 
is met. However, patients may satisfy more than one of 
the criteria within a set because the sets contain multiple 
criteria. Thus, criteria within sets are possibly redundant. 
Both the combined sensitivity of all the criteria in a set and 
the independent sensitivity of each criterion within a set 
were determined to test for redundant criteria. Selvester 
criteria for inferior, anterior and posterolateral infarct 
locations (Table 3) were evaluated in subjects with angio-
graphically determined myocardial infarction in the relevant 
location. Selvester criteria for apical and anterolateral 
infarct locations were evaluated in patients with anterior 
infarction. 
Statistics. Sensitivity, specificity and false positive rate 
(l - specificity) follow standard definitions. "Independent 
sensitivity" denotes the number of patients in whom a single 
criterion but no other criteria in the set is satisfied, divided 
by the number of patients with infarction in the appropriate 
location. As in previous studies, a 95% specificity standard 
was sought. Mean scores of the study groups were compared 
by using the Wilcoxon rank-sum test. 
Results 
Performance of the overall QRS scoring system in the 
normal subjects and the four groups with myocardial infarc-
tion by coronary angiography (Fig. 2 and 3). Distributions of 
QRS scores are similar in the two normal subgroups. There 
is an increasing hierarchy of mean QRS scores among the 
five groups: 1.7 for normal subjects, 3.7 for posterolateral 
infarction, 4.1 for patients with inferior infarction, 6.3 for 
patients with anterior infarction and 6.9 for patients with 
infarction at multiple sites. These differences achieve signif-
icance in normal versus single infarction (p < 0.0001), single 
versus multiple infarction (p = 0.002) and posterolateral 
versus inferior versus anterior infarction (p = 0.003). When 
the QRS scoring system is used to consider infarction in the 
combined normal group, a score >4 is required to achieve 
the 95% specificity standard. This threshold yields sensitiv-
ities of only 41%, 67% and 32% in patients with infarction in 
a single inferior, anterior or posterolateral location, respec-
tively, and of 72% in patients with infarction in both inferior 
and anterior locations. 
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Table 3. Complete 54-Criteria, 32-Point QRS Scoring System: 
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S ~1.8 mY 
Criterion 
Any Q or R ,sQ.! m V or R ,;JQ ms or 
RV2 ,; RV 1 
Any Q or R ,;Q.2 m V or R ,;20 ms 
Q ~20 ms 
Q/R ~I or R ,;Q.7 m V or R/S ,;) or 
notched R 
Q/R ~2 or RIS sO.S 
Q ~30 ms 
Q/R ~I or R s0.2 
Q ~30 ms 
Q/R ~I 
Q ~30 ms 
Q/R ~O.S or R ,;Q.7 m V orRIS ,;2 or 
notched R 
Q/R ~I orRIS,;[ 
Q ~30 ms 
Q/R ~1 /3 or R s0.6 m V orRIS s3 or 
notched R 
QIR ~I orRIS,;[ 
RIS ~~ 
R ~0. 6 m V or R ~40 ms 
R ~I m V or R ~so ms 
S ,;QJ mV 
R ~1.5 m V or R ~so ms 
R ~2 m V or R ~60 ms 
RIS ~1.5 
S S0.4 m V 
One point is awarded for each criterion met. Notched R indicates a notch 
that begins within the lst 40 ms: Q = Q wave; Q/R = ratio of Q wave toR 
wave; R = R wave; RIS = ratio of R wave to S wave; RV 2 < RV 1 = R wave 
in lead V2 less than or equal to R wave in lead V 1; S = S wave. 
Performance of each of the 19 single criteria and 13 criteria 
sets (Fig. 4). The criteria are grouped by ECG location and 
listed in the same order as in Table 3. Sensitivities (Fig. 4, 
upper panel) are quite variable, ranging from 2.5% to 83%. 
Five of the criteria occur in <5% of patients with myocardial 
infarction, but have high specificities (lower panel) of97% to 
98%. Seven of the 32 criteria (Fig. 4, lower panel) fail to 
achieve the 95% specificity standard: 6 criteria sets and 1 
single criterion. Three of the criteria sets with a poor 
specificity relate to anterior, two to apical and one to 
344 HAISTY ET AL. 
AUTOMATED QRS SCORING 
QRS Score 
Figure 2. Distribution of QRS scores in the two subgroups of the 
1,344 normal subjects: those undergoing catheterization (hatched 
bars) and volunteers (white bars). 
posterolateral location. The single criterion with poor spec-
ificity is the Q wave ;:::20 ms in lead V 4 associated with the 
anterior location. 
Performance of the 35 criteria in the 13 criteria sets (Table 
4). Examination of the "sensitivity" column reveals three 
recurring patterns: 1) a single criterion accounts for all the 
sensitivity of the set (for example, in apical point 6, the R/S 
:51 criterion accounts for all of the overall9.4% sensitivity); 
2) a single criterion accounts for most of the sensitivity of the 
set (for example, in apical point 3, the R/S :51 criterion 
accounts for 27.8% of the overall 28.5% sensitivity); and 
3) two criteria share sensitivity levels that account for 
the overall set sensitivity (for example, in apical point 5, the 
R ::s:0.6 m V and R/S :53 criteria have a sensitivity of 28.9% 
and 27.8%, respectively, with the set achieving an overall 
38.6% specificity). 
The positive contribution of an individual criterion within 
a criteria set is measured by its independent sensitivity. The 
short R wave durations in anterior points 3 and 4 have a 
contrasting sensitivity (0.1% vs. 10.1 %) but share a remark-
JACC Vol. 19, No. 2 
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ably low independent sensitivity (0% vs. 0.1%). The Q/R 
ratios in anterolateral point 2, anterior point 6, apical points 
2 and 5 have a sensitivity ranging from 0% to 23.4% but share 
a remarkably low independent sensitivity (0% vs. 0. 7%). The 
notched R criterion in the latter three sets achieves a 
sensitivity from 1.4% to 5%, with an independent sensitivity 
from 0% to 0.4%. The R amplitudes in anterior points 3 and 
4 achieve a high sensitivity primarily through the "any Q" 
criterion (59.2% of78.3% and 45.8% of75.5%, respectively). 
Conversely, the 83% sensitivity of anterior point 6 is 
achieved by patients meeting more than one of the four 
criteria: the highest independent sensitivity is only 11.2%. 
False positive rates in normal subjects. The negative con-
tribution of an individual criterion can be determined by its 
false positive rate in the normal subjects. The small R 
amplitudes achieve a false positive rate of 3.4% and 3.1% in 
anterior points 3 and 4 and 4.3% and 4.5% in apical points 2 
and 5, but the high value of 10.7% in anterior point 6 is of 
particular importance when compared with the only slightly 
higher independent sensitivity of 11.2%. The R/S ratio 
criterion has a false positive rate of 8.8%, 6.7% and 5.7% in 
anterior point 6 and apical points 2 and 5, respectively. 
These poor results are emphasized by a comparative inde-
pendent sensitivity rate of only 2.5%, 9.5% and 9.4%, 
respectively. In posterior points 2 and 5, the R duration 
criterion has a false positive rate of 4.5% and 3.9%, but also 
achieves an independent sensitivity of 17.5% and 11.1 %, 
respectively. There are 10 criteria (all in sets) that fail to 
achieve a higher independent sensitivity than their false 
positive rate; 5 of these relate to anterior, 3 to apical and 2 to 
posterolateral locations. 
Discussion 
The Selvester QRS scoring system. Mean QRS scores in 
our study are higher in anterior than in inferior myocardial 
infarction. This agrees with prior studies (3 ,4) of ECG infarct 
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Figure 3. Distributions of QRS scores in the four 
subgroups of the 837 patients with infarction in the 
locations indicated. 
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Figure 4. The sensitivity (upper panel) and specificity 
(lower panel) of each of the 32 criteria grouped and 
numbered as in Table 3. The 5% level of sensitivity and 
95% level of specificity are indicated. Black bars indi-
cate that a point is awarded for meeting a single crite-
rion; gray bars indicate that a point is awarded for 
meeting one or more criteria within a criteria set. 





1 •· t- I• I 
111. 1  1  I 
95 
90 
85 1 2 3 4 5 6 7111 
H"ERIOR 
2 3 4 5 6 7 1 2 3 4
1
r 2 4 5 12345678 
ANTERIOR ANT-LAT APICAL POSTEROLATERAL 
sizing. In autopsy studies (10), the higher mean score in 
anterior infarction corresponds to a greater mean infarct 
size. In clinical studies (11) of surviving patients, a difference 
in infarct size is not demonstrated, but the increase corre-
lates with a worse prognosis for anterior infarction. The 
higher mean score for multiple infarcts probably reflects a 
greater mean size in patients with multiple infarcts than in 
those with a single infarct. These results suggest that wave-
form "cancellation" may not have a major effect when these 
quantitative criteria are used. 
As the complete Selvester QRS scoring system has 
evolved, the score necessary to maintain 95% specificity has 
increased. The simplified system required a QRS score >2 
points (2), the complete system > 3 points (7) and the 
automated system requires >4 points (8). The increase from 
the simplified to the complete system can be attributed to the 
increase in the total criteria from 32 to 54. Reasons for the 
increase with the automated system are more complex. 
Computer-measured wave durations are longer than those 
measured visually. This is attributable to use of the earliest 
QRS onset in simultaneous leads as the onset of the initial 
wave (12) and the tendency for human observers to identify 
lesser waveform durations (13). Furthermore, the criteria 
thresholds used in the Selvester QRS scoring system were 
determined with data from middle-aged men (1), whereas the 
normal subjects in the present study are of both genders and 
cover a wide age range. 
Sensitivity and specificity of the individual criteria. Each 
of the 32 criteria of the Selvester scoring system was 
designed to have ~95% specificity (7). In this study, seven 
criteria failed to meet this standard. Only one of them is a 
single criterion and its specificity could be improved by 
slightly increasing the threshold on Q wave duration in lead 
V 4• For the other anterior criteria to meet the 95% standard, 
increased thresholds on R wave amplitudes in leads V 2, V 4 
and V 6 are required. The R wave amplitudes in lead V 4 
have been demonstrated to have marked gender and age 
dependence in apparently normal subjects (14). Criteria 
changes should take such dependence into account. The 
same is true for the R amplitude thresholds for apically 
oriented leads. Age and gender dependence for R/S ratios in 
lateral leads should also be explored and employed for 
further improvement of the specificity for the apical points. 
The criterion that the R wave amplitude in lead V 2 be less 
than or equal to that in lead V 1 proved to have a false 
positive rate equal to its independent sensitivity, so this 
criterion could be deleted. The threshold of R wave width in 
lead V 1 must be increased to raise the specificity of this 
posterolateral point to 95%. 
The low independent sensitivity found with 14 of 35 
individual criteria used in sets occurs for three reasons. The 
first relates to an obvious difference in computer versus 
manual measurements. The best example is the R wave 
:510 ms in lead V 2 criterion, which occurs in <0.1% of 
patients with infarction when computer measurements are 
used. Second, some criteria almost always occur only when 
other criteria in the set are met and therefore fail to contrib-
ute independent information. For example, an R/S ratio of 
:51 in lead V 4 occurs in 60% of patients with infarction. 
However, it occurs in only 2.5% of patients not already 
recognized as having an R wave :50.7 m V in lead V 4 • The 
R/S ratio in lead V 4 is redundant if it is preceded by the R 
criterion in lead V4 with a sensitivity of 71%. Finally, all 
criteria are used with limits based on values derived from 
middle-aged men (1), a frequent problem in other reported 
studies (15). These criteria include the Q/R ratios and R 
amplitudes in the anterolateral leads used for anterior, apical 
and anterolateral locations and the R amplitudes in leads V 1 
and V 2 for posterolateral infarction. 
Conclusions. The Selvester QRS scoring system cur-
rently has limitations resulting from several aspects of the 
methods used in its development. It was based on definitions 
of "normal" for middle-aged white men and must eventually 
be expanded to include much broader groups of patients. It 
was introduced and initially evaluated as a manual method, 
whose limitations are apparent in the present study. Because 
manual application was expected, certain compromises were 
made regarding criteria such as use of identical thresholds 
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Table 4. Performance of Criteria in Sets for R/Q and R/S amplitude ratios. As revealed by this study, 
Independent False the R/Q thresholds provide little sensitivity and R/S thresh-
Criteria Sensitivity Sensitivity Positive olds are nonspecific. In the present era of automated on-line 
Lead Set Criteria (%) (%) Rate(%) ECG analysis, such limits are removed. Enhanced measure-
Vz Ant 3 78.3 6.0 ment precision and optimal thresholds should enable the 
Any Q 61.4 S9.2 1.6 Selvester QRS scoring system to achieve its maximal clinical 
R :sO. I mY 14.8 6.9 3.4 potential. 
R :s!O ms 0.1 0 0.4 
RV2 :sRV1 62.5 2.2 2.2 
VJ Ant 4 75.5 7.0 
Any Q S3.1 45.8 3.8 We thank Sylvester Cherry at Duke University Medical Center for his expert 
R :s20 ms 10.1 0.1 0.7 
preparation of the manuscript. 
R :s0.2 m V 21.7 12.3 3.1 
v4 Ant 6 83.0 14.1 
Q/R ~I 22.4 0.4 0.2 References 
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